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- 'Ihc Airlokk Failure W e  and Effect Analysis has been prepared 

i n  compliance with the requlrewnts  of Contract EAS 9-6555, 

Statement of Wark, Appendix D, ers specified in  Report E855, 

Airlock Project Rel iabi l i ty  Plan, dated 2 Parch 1970. Analysis 

of selected second fa i lu res  i s  included i n  acco,-dance with 

CCP 080 (contract -&.mat 125). mi8 report  pzvsents tne 

Failure W e  m.d Effect AmJyois i n  three (3) volurces. Tbe 

Single Point Fai lure List previously a par t  of t h i s  report i s  - 

included i n  Reports E0365, Airlock YWiul-e C r i t i c a l  Item 

Ust, and H E  XOk-08, Airlock GSE C r i t i c a l  Item L i ~ t .  
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I PURPOSE AND SCOPE 

I This report  presents  a que l i t a t ive  analysis of s ingle  f a i l u r e s  of Airlock 

I Module (AM) f l i g h t  components and Ground Support Equipment (GSE) and I 
I selected second f a i l u r e s  of f l i g h t  components and the e f f e c t  of such f a i l u r e s  I 

on system operation, on mission objectives,  and on crew and personnel safety.  

For purposes of t h i s  analysis,  the f l i g h t  mission extends from Skylab-1 l i f t -  

off t o  Skylab 1/4 separation. Analysis of GSE concentrates on the l a s t  72- 

of countdown; but includes other t e s t  operations f o r  Hazardous-GSE. Since 

the analysis  allcivs iden t i f i ca t ion  of f a i l u r e s  which adversely a f f e c t  crew 

o r  personnel sa fe ty  or  primary xriission objectives,  the primary use of m a l y s i s  

I r e s u l t s  i n  the iden t i f i ca t ion  of c r i t i c a l  modes of f a i l u r e  (Categories I,  11, I 
I k or B) i n  order t o  propose design changes t o  eliminate or minimize these I 
I f a i l u r e  e f f e c t s  or  t o  provide jus t i f i ca t ion  f o r  t h e i r  re tent ion.  

Additional uses of amilysis r e s u l t s  include: 

o Recommending design cnanges .to avoid non-cr i t ical  f a i l u r e  e f f e c t s  

where p rac t i ca l .  

o Providing inputs f o r  establ ishing r u l e s  and procedures f o r  the 

I conduct of the mission. I 
l o Providing cases f o r  crew t ra in ing  and diagnostic procedures f o r  I I f a i l u r e  i so la t ion .  l 

o Prodding inputs t o  Test Procedures. 

This analysis  was performed on a functional subsystem bas i s  a t  the replaceable 

I item l e v e l  and includes the  e l ec t r i ca l ,  e lectronic ,  electromechanical, and I I mechanical components, which comprise the AM design a s  of 7 May 1971. The I 
type of items excluded from the anal-ysis a re  idec t i f i ed  i n  Paragraph 11. 

Section 11.0 i n  Volume XI1 of the report  presents analysis  of ldission Essent ial  

and ~ a z k d o u s  G S .  Ground ru le s  per t inent  only t o  the GSE FhEA are  provided as 

a separate introduction t o  Section 11.0. 
_.I- 
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> - I Equipment m o l ~ c t i o n ~  a r e  uniquely defined i n  terms of fsilure modes a t  I 
I t h e  "output level' '  and the  r e su l t i ng  fail-ure e f f e c t s  e r e  described. Except I I where noted o t h e m i ~ e  i n  t h e  aaslysitl, each component f a i l u r e  mode is I 
I analyzed on the  atlsumption t h e t  t h e  remainder of t h e  AM i s  functioning I I properly.  A descr ipt ion of t h e  information presented i n  t h e  various columna I 
I of t h e  form uaed f o r  t h e  co l lec t ion  and presentat ion of t h i s  inko&ation I 

A. COMPONENT 

This c o l ~ m  i d e n t i f i e s  t he  component by name, specif icat ion control  

drawing (sCD) number o r  procurement spec i f ica t ion  (Ps) number. The 

component b e ,  and c i r c u i t  spibol  a r e  included, where applicable.  

Also included i s  a  m c t i o n a l  description of t h e  component whenever 
/ 

t h e  component name does not adequately descr ibe t h e  co~ponento '  

I funct ional  appl icat ion.  When more t b n  one component l a  entered, t he  

ana lys i s  i s  appl icsble  t o  each component on.sn individual  basis .  

I Ground rule8 and aesmpt ions  which a r e  per t inen t  t o  t h i s  c o l m  a r e  

presented below: 

I ( a )  The following equipment a re  analyzed: 

(1) Airborne contractor  turniehed equipment (cw). 

I (2) Mission e s s e n t i a l  ground support equipment ( GSE) ; t h a t  

I GSE r e q u i r ' d  t o  supporL terminal countdo~m ( the  l a s t  72 hours 

pr ior  t o  l i f t - o f f  ) . 
( 3 )  Hazardous GSE; a s  defined per MSC document "GSE General Design 

I Requirements f o r  AAP", dated 1 October 1968. 

MAC 2 3 t l l u  roc" I ,  46tu r z )  
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1 (b) Airborne CPS used solely fo r  ground test ing w e  excluded from the 

a~?alysis .  Illlisexclusion does not apply t o  Airborne (3% which is 

I operated during the t+xmhal countdown In  a unique fashion not I 
I related t o  f l i g h t  modes QP operation and fa i lure ,  I 
I (c) AM structure and passive e lec t r i ca l  conductors such as wiring, I 

temlnals, connectors, buses, shunts, etc., are excluded . - From 

I the d y s i s .  1 
I (d) Actively redundant components whose fa i lures  are undetectable I 

by crew or ground and have no effect  on system perfornrance, crew 

safety or  misaion coatinuation are excluded Prom the analysis of 

single failures. The analyeis of fa i lu re  e f iec t s  of these components I 
is included i n  the analysis of second fai lures section as described I \ 

(a) In those cases of standby redundancies where a one-for-one backup 

uni t  i s  provided analysis of the backup unit (or units) i n  not 

conducted ezoept as noted in paragraph V. Also excluded f r o m  the 1 

mode is  being considered. Cod ing  has been used t o  f ac i l i t a t e  considers- I 

, 

- 
t ion of iniiividud or multiple ph3~es.  When more tha,n one phase i s  

analyeis are those coaponents ( ths t  ara in stan3by) associated with 

the standby unit  (or units). 

B. EESSION PNASE 

Tbis coluuin ident i f ies  the micsion phase for  which e component fa i lu re  

entered, the analysis is appllcnble t o  each phse .  The scope of t h i s  re- I 
port requires that airborne CPE be enalyzed f o r  feilure effects related t o  I 

operating during the terminal countdob'n in  a. "unique f'ashion" not related 

@ 0 

t o  f l i g h t  nodes of operation i s  amlgzedo Analysis of such equipmnt 
-- -. __.--.__. - 

the flight phase of the mission (i.e., SL-1 Uf t -of f  t o  SL 1/4 separation). 

However, ss mutually agreed upor between the K4SA oud EI4C-Esst, equipmnt 
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fa i lu ra  ao8ee peculiar t o  the  mode of operation during terminel 

countdom id inclucled i n  mission phase TC. -- 

The mission phase codes uaed i n  t h i s  report a r e  presented i n  'Isble 11-1. 

TABLE 11-1 
. . 

MISSION PHASE CODES 

- 

mSCRIPIIION 

SL-1 l i f t - o f f  t o  c o q l e t i o n  of SL 112 docking. 

Campletion of SL 112 docking t o  SL 112 separation. 

Storage period (from 1/2 separation t o  completion 

of SL 113 docking), 

Completion of SL 113 dgcking t o  SL 113 separation. 

Storage period ( f roz  SL 113 separation t o  completion 

of SL 1/4 docking). - 
Completion of SL 1/4 docking t o  SL 1/4 seperation. 

All manned pha ees (SL 112 i- SL 113 + SL 114). 

Storage phrtses (SI + ~ 2 ) .  

Extrauehlcubr a c t i v i t y  period. 

Intrevehicular a c t i v i t y  period. 

Terminal Countdown 

0 
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C. FADLURE b:OI?3 

Thir: entry ident i f ie6  the  aersurnatd coroponent failure raMe evafuetcd 
. - 

f o r  each miaerion phase i n  which the  carponant i a  operetioncpl. When 

more than one f s f l u r e  mode i s  entered, t h e  analysis i 8  applicable t o  I 
each f a i l u r e  mode on sn individual basis. The follouing f a i l u r e  modes 

1 
a r e  excluded fram the analysis: . -- 

I I 0 Autoactivetion cf relays and switches. I 
0 Relay and switch contacts f a i l  closed. 

0 Relay ,  and switch contacts f a i l  short t o  p w d .  
- 

O Autoactivation of pyrotechnic devices. 

Explosion o r  rupture of pressure vessels. 

I I 0 ~i3 ,ure  of structure.  I 

conditions most l i k e l y  t o  cause the  c q o n e n t  f e i l u r e  rcode under I 

4 
i 

1 
1 
1 

j I investigation. I 

Relay contact "chatter". 

B. 263S'T PRWBLE F A E m  (XU% 

This ent ry  iden t i f i e s  the  enviromentel s t ressso and/or other sdvesse 

This ent ry  describes the  e f fec t  of the  component f a i l u r e  mode on t h e  

I affected eystem(s), including interfacing systems. Available redundancy I 
is indiccted, where applicable. 

MISSION 

Thia entry describes the  effect of the  colnponent f a i l u r e  m&e on the  

mission. A qual i te t ive  ctatmexlt pertaining t o  crew safe ty  io a l so  I 
I included i n  this entry, when applicable. I 

f figtionale f o r  exclusion of cer-tain failure modes m s  provided i n  

MDAC-East Ictter 646-22450-598. -- - 
I , "?  - 5 ,  , ,,. , ", . 
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- F. CREW - 
INDICATION 

This en t ry  i d e n t i f i e s  those on-board cues which a p a r t i c u l a r  f a i l u r e  . 

.- 

presents  t o  t h e  crew. These cues may be instrument readings, l i g h t s ,  

1 
odors, sound, e t c .  * .  

I 
ACTION 

This en t ry  descr ibes  possible crew ac t ions  ava i lab le  t o  negate o r  m i r . '  

failure e f f ec t s  when a failure indicat ion i s  received, Actions such . 

"crew informs ground of f a i l u r e t t  a r e  not entered unless ground aware- 

of t h e  f a i l u r e  i s  necessary i n  determining subsequent action.  Where 

ac t ions  a r e  included f o r  mul t iple  mission phases including s torage F' 

it is understood t h a t  t h e  ac t ion  appl ies  only t o  t h e  manned phases, 1 

G ,  GROT-m 

INDICATIONS 

This en t ry  i d e n t i f i e s  those cues which a pa r t i cu l a r  f a i l u r e  mode p ? ~  

t o  ground monitoring. 

ACTION - 
This en t ry  descr ibes  ava i lab le  ground act ions  when a f a i l u r e  indict.: ' 

received. Actions such as "ground informs crew of f a i l u r e "  are not 

unless  crew awareness of t he  f a i l u r e  is  necessary i n  determinitlg nci! t 

1 
act ion.  

H. T I l E  TO AE9m 

This en t ry ,  which appl ies  t o  f a i l u r e s  occurring during t h e  manned p' 

presents  an es t imate  of t h e  maximum time t h a t  t he  manned phase wouii 1 

allowed t o  continue before mission termination procedures a r e  i n i t j t  

If mission durat ion is not affec%ed an "N/A" ( ~ o t  ~ ~ ~ l i c a b l e )  is  e n t :  

The "time t o  abort"  es t imates  are based upon engineering judpexart,  ; 

design analyses when such analynes e x i s t .  
I 

2 3 1 ~ ~  ( R E V  1 4  JUN 6 2 )  
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This e n k y  contains a code which c l a s s i f i e s  the f a i l u r e  --- e f f e c t  on mission 

performance and crew safety i n  terms of "c r i t i ca l i ty" .  The c lass i f ica t ions  

are a s  follows : I 
DESCRIPTION 

I A f a i l u r e  which could adversely a f f ec t  crew safety.  

'I1 A f a i l u r e  which could r e s u l t  i n  not achieving a primary 

mission objective,  but does not adversely a f f ec t  crew 

safety. 

I I I a  A f a i l u r e  which could r e s u l t  i n  not  achieving a secondary 

mission objective, but does not adversely a f f e c t  crew. 

safe ty  nor preclude the achievement of any primary 

mission objective. I 
I I I b  A f a i l u r e  which would not r e s u l t  i n  l o s s  of a primary I 

or  secondary mission objective nor adversely a f f e c t  crew I safety. I 
I n  categorizing f e i l u r e  e f f ec t s  it i s  assumed t h a t  the crew w i l l  use 

avai lable  redundancy, a l te rna te  nodes of operation or ttv:ork aroundtt 

procedured indicated i n  the ACTION entry i n  order t o  mitigate the  f a i l u r e  

e f fec t .  

For purposes of assigning Failure Categories i n  the FhEA, the following I 
def in i t ions  of mission objectives were used: 

PRIMARY MISSION OBJECTIVES: 

The Airlock Module functions as  necessary t o  support: 

o Planned duration of a l l  habi tat ion phases (28 days, 56 days and 
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- o Revisi ta t ion a f t e r  o r b i t a l  storage. 

o Planned two-man EVAf s .  

o ATM Experiments - 
o Biomedical Experiments 

o E q t h  Resources ~ x ~ e r i m e n t 2 '  

SECOIU'DARY MISSION OBJZCTIVES: , . 
__ -- 

The Airlock Module functions a s  necessary t o  support: 

o Obtain da ta  f o r  evaluating the performance of the OA. 

o Obtain data  f o r  evaluating astronaut mobility and work capabi l i ty  

i n  both EVA and IVA. 

o Obtain medical data  f o r  determining e f fec t s  on crew of planned 
8 

* 

duration mission. 

o DOD & NASA experiments ( individual ly) .  

J. BEco- I , ~ P -  A "  - 
This column contains recorrmended design changes, f a u l t  i so l a t ion  capa- 

b i l i t y ,  checkout and operational procedures; par t icu lar ly  i n  regard t o  

those s ingle  f a i l u r e s  which could adversely a f f ec t  crew safe ty  or primary 

mission objectives.  

1. For a failure associ~ted vith erperbente to be classed cis Category I1 t he  
failure r r u d  realf i t  in toesl loss of nn experiu~ent p u p  (eg loss rill A.524 
Experiment 8. 

- 
M A r  ??lttu f a r v  f ,a t , , ~  62) 
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Analysis of ind iv idua l  subsystems has been based on t h e  following 

general  c r i t e r i a  f o r  determirling AM mission succcss. . 

o ELECTRICAL PC)\VER - A t  l e a s t  6 of 8 power condit ioning groups n u s t  

func t ion  throughout the  mission t o  provide minimum required power. 
I 

I o C~Uh'ICATIONS - A t  l e a s t  one of two hard l ines  f o r  voice communication:; 

and t h e  emergericy parameters of t he  Caution and Warning system a r e  

required during rnanned phases. A t  l e a s t  one of two DCS/C.RDU'S is 

required during all o r b i t a l  s torage phases t o  con t r c l  subsystems and 

determine systems s t a tu s .  The Qundriplexer and e i t h e r  one of t he  two 

Discone Antennas o r  the  X M T R ~ C V R  Stub Antenna, a r e  required t o  provide 

t ransnis%ion of telemetered data.  The D ig i t a l  Cornand Systerc ~ . ? : ~ ~ i i r e s  

e i t h e r  t h e  antenna system f o r  telemetered da t a  o r  the  l i C ' v " n f i 3  S i u b  

Antenna. 

o INSTRU:&NTATION - A t  l e a s t  one of th ree  DC-DC converters,  one of two I 
PCM programmers, and one of four  ?M t r ansmi t t e r s  tire required during 

a l l  o r b i t a l  s to rage  phases t o  provide s u f f i c i e n t  s t a t u s  infornat ion 

to j~crrni t  r e v i s i t a t i o n .  TM backs up "cn boardt1 ind ica tors  d u r i n ~  I 
manned phases. I 

I: ENVIIIONJ.ENTAL CONTROL - A t  l e a s t  f i v e  of s i x  O2 tanks and a t  1e;iat f i v e  I 
of s i x  N tanks a r e  required f o r  mission cnrrpletion. ~ ~ a n u u l  o r  D C S  2 

c o n t r o l  backs up automatic o ~ / N *  cont ro l .  A t  l e a s t  one of f . w o  e13luc- 

u l a r  s i eves  must, function.  Seven of t en  c i r c u l a t i o n  f i ~ l ~  and two of 

I f i v e  compressors must funct ion (two spare  f ans  and one compressor a r e  I 
provided).  One of two condensate dump system modules . must funct ion.  

A t  l e a s t  txo of s i x  coolant  pw, ]~s  must function throughot~t a l l  r ra r~cd  

phases and a t  l e n s t  one of' s i x  must func t ion  during orbitcl l  . ,u . ; ra~e 

-- 
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periods. During a l l  mission pheses a t  l e a s t  one of the  two coolant 

loops must function. A t  l e a s t  one of two s u i t  cooling loops must 

function t o  support EVA. ATh! C&D panel cooling i s r e q u i r e d  during 1 
ATM operation. A t  l e a s t  one of three H2G pumps must function fo r  

panel cooling.  o ow ever, two of three pumps rrust be available f o r  

l i f e  l i m i t  considerations). 

o LIGHTING - AM must provide su f f i c i en t  l igh t ing  t o  support Rendezvous, 

~ o c k i n g / ~ t a t i o n  Keeping, Ylorkshop and SVA/IVA a c t i v i t i e s  whether by 

NORMAL or Emergency Lighting modes. 

o EWERIh'IENTS - AM must furnish mounting provisions and e l e c t r i c e l  

power t o  support the conduct of experiments f o r  prim&y and secondary I 
mission cb je t t ivea  (see parapaph 11-1. ) . 

o MECHANICAL DEVICES - A l l  hatches must operate as  required. D e p l o ~ ~ e n t  

I 

of one of two discone antennas i s  required. ADd deployme~t assenbly 

must deploy and r ig id ize  A?$. - 

o PAYLOAD SHROUD - A l l  four shroud segments must sepzrate and a t  l e a s t  

one of twc l a t c h  actuators a t  each of e ight  tension s t r aps  must functicr. 

f o r  mission success. 
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IV CONFIGURATION ANALYZED 

This Airlock kdu le  FNM wee performed on a functional subsystem basis 
generally u s i n g  released system design conbiguretion a s  of 7 May 1971 
as 8 baseline. The specific configuration of the subsystems analyzed is 
defined by the drawings l i s ted  on Table I V - 1 ,  Drawings Used For Analysis. 

TABLE IV-1 

IRAWINGS USED FOB ANALYSIS - - 

SUBSYSI'EN DRAGmJG DRAWING 
USED txRREXT ISSUE 

1.0 m C T R I C A L  615760051 REV M SAME 
p m  615760001 p m  s SAME 

CO~~TICATIONS 613760032 FZV M SAME 
61~760021 REV E SAM3 . 
6~850003 p a  D SAME 

3.0 I N S T R ~ ~ T I O N  61~760021 L SAME 
615760026; REX E s m  

4.0 ENVIROl~4EhSCAL 61~830038 P ~ V  D SAhB 
CONTROL 613760011 REV R SAME 

5.0 L I G ~ I W G  61~760041. w R SAME 

6.0 E ~ ~ T S  615760061 mv J S A ~  

7 MECEANICAL 61~370001 No Change SAME 
DEVICES 61~350005 1 ? ~  Change SAME 

61~35001 KSV A SAm 
6u334um mv A S A ~  
61~@cooco REV A SAME 
6lA3101CKl E ' V  C SAME 
6 ~ 3 3 0 0 U  110 Change MEB 
61~330003 fiSV 3 SAME 
61c33mr PZV A SAME 
61A330033 No Change SAME 
61~840001 Wo Change SAME 
6~~310165 No Chsnge SAME 
61~310170 KO Change SAME 

8.0 CREW COXTi3r3LS 23 April 1971 Layout 

MAC 2 3 1 U ~  ( R E V  I1 J V N  6 2 1  
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SUBSYSTEM 

9.0 PAYLOAD SmOUD 

TABLE I'V-1 ( C O N T ~ D )  

DRAWINGS USED FOR CNALYSIS 

DRAWING 
USED 

1 ~ 8 2 5 8 5 - 1  110 Change 
1D15754-1 ISo Change 
11315754-2 No Change 
1Dl.5754- 501 NO Change 
11115754- 502 No Change 
UB80683-1 No Change 
lD15752-1 No Change 
1Dl5710-1 No Change 
11115820-1 No Change 
13382675-1 No Change 
7865742 No Change 
UB82959-1 110 Change 
1~82585-1  No Change 
1~80876-1 No Change 
40M39515-115 REV B 

. 
10.0 MISCELLAh'EOUS 615760091 REV B 

CWQNENTS 61q602u m I) 
I 11.0 GROUND SUPPORT EQUIP. Per 61E00000 REY J 

- 
DRAWING 

CURRENT ISSUE 

SAME 
SAME 
SAME 
SAME - 
SAME 
SAME 
SAME. 
SAME 
SAEE 
SAME 
SAME 
SAME - 
SAIB 
SAME 
SAME 

SAME 
SAME 

SAME 

Appendix A conta ins  a l i s t  of components excluded form t h e  a n a l y s i s  and, where 
appropr ia te ,  p resen t s  system-peculiar  assumptions r e l a t i n g  t o  inc lus ion /  
exclus ion of  components. Except where noted t h e  l i s t  of components excluded 
enumerates (I) those  components whose f z i l u r e s  e r e  undetectable  by crew o r  
ground and  have no e f f e c t  on s y s t e a  performance, mission continuation,  or  ' 

crew sa fe ty ,  (2)  those  components which se rve  o s  standby u n i t s  and t h e i r  
a s s o c i a t e d  components t h a t  _are i n  a s tandby s t a t u s  during t h e  mission and 
(3)  Airborne CFE used s o l e l y  f o r  ground t e s t i n g .  

An FNEY " t ree"  which d e p i c t s  t h e  systeins, subsystems, and major equipment. f o r  
which t h e  FHEA was performed i s  shown on page IV-3. 
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V - OF S ~ C Q U D  FAUBES 

A t  the end of each subsystem sect ion i n  the FEMA i s  included an analysis  

of second f a i l u r e s  of components of t h a t  subsystem f o r  conditions where 

the i n i t i a l  f a i l u r e  is  not detectable by the  crew and ground. 

A. -anr! k o &  - 
The pwpose of expanding the  F?dEA t o  include selected second fa i lu res  

is t o  ident i fy  and recommend correct ive actions a s  necessary f o r  those 

dual f a i lu res  which can have an adverse e f f ec t  on crew safe ty  or  on 

the accomplishment of mission objectives as  a consequence of a second 

f a i l u r e  occurring a f t e r  an i n i t i a l  undetectable fa i lure .  The in t en t  , 

was t o  perform t h i s  analysis  without invest igat ing a multitude of dual 

f a i l u r e  combinations which would require  an extensive e f f o r t  and 

0 prevent the timely accom?lishment of the analysis purpose with l i t t l e ,  

i f  any, cori?ensating benefit .  Accordingly, the scope of the  analysis 

has been limited to :  

o AM airborne contractor furnished equisment (CFE) t h a t  i s  used during 

the f l i g h t  phase of the mission. 

o Second f a i l u r e s  of coqonents  within the same subsystem which provide 

ident ica l ,  s b . i l a r  or interdependent functions. 

B. Ground Rules  

a, In general, the ground ru le s  given i n  paragraph I1 a re  a l so  appli- 

cable t d  the RvEk of second f a i l u r e s  the exception tha t  the 

e f f e c t  of a second f a i l u r e  i s  analyzed where the i n i t i a l  f a i l u r e  

is not detectable. 
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b. The second f a i l u r e s  a re  c l a s s i f i ed  using the same f a i l u r e  

category def in i t ions  presented i n  paragraph I1 with notation of 

app l i cab i l i t y  t o  the dual fa i lure .  Category -1 and I1 dual f a i l -  

u res  so l i s t e d  w i l l  not be included i n  the Single Fai lure  Point 

Group of the C r i t i c a l  Item L i s t .  

6 ,  Where primary and standby backup modes of operation a re  available,  

the f i r s t  f a i l u r e  is  assumed t o  have occurred i n  the primary mode 

and f a i l u r e  i n  the backup mode w i l l  be analyzed a s  the second 

fa i lu re .  

d. Simultaneously activated redundant components associated with 

one-time mission events of a sequential or pyrotechnic nature 
w 

( e . g . ,  Discone antenna and AD4 deploynent, payload shroud 

j e t t i son ,  and miscellaneous experiment deplop.ents/ac t iva t ions)  

are not  included i n  the expanded analysis,  

e, The "o?ent' f a i l u r e  mode of suppression d i ~ d e s  is  excluded frofi 

t h e  analysis  because the functicr, of the associated component (e. g 

re lq ,  solenoid) i s  not inpaired by t h i s  f a i l u r e  mode and because 

the combined e f fec t  of an "opentt diode and another component as 

a second f a i l u r e  i s  l i k e l y  t o  be no d i f fe rent  than the e f f ec t  of 

the same second f a i l u r e  occurricg alone. The ?urpose of the 

suppression diodes is  t o  minimize the creat ion of noise which can 

adversely a f f e c t  the furlctloning of other equipment. The manner 

and degree i n  which the operation of other equipment is  affected 

by one or  more suppression diode f a i l u r e s  i s  variable and is 

indeterminable by analysis.  
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f, The a.nalyrais of second fai lures i e  presented i n  the sama f o m t  

as that used for single failures wi+& one chenge, The first 
-- 

(undetectable) failure i s  given under the heading "FIRST FAILURE" 

followed with the second fai lures considered i n  conjunction with 

that first fai lure l i s t e d  under the heading "SZCOPSD FAUWRE(S)". 

a 

0 

M A C  >,,,,., t a r . .  . . ..... r.,, 
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A l ist  of abbreviations and acronyms conmonly used on the Airlock Program 
m d  i n  t h i s  M A  are  presented following. 

A i r  ~ o n d i  ti'oning 
- 

Automatic Checkout Equipment  o or Spacecraft)  
Acquisit ion 
At t i tude  Control System 
Analog t o  Dig i ta l  

. Automatic Gain Control 
Astronaut Life Support Assembly 
Airlock Module 
A i r  Material  Cormand Regulation 

Airlock Module S ta t ion  

Pinerican Standard Code For Infornat ion Interchange 
Aphllo Telescope klount 
Automatic Volume Control 

Bi level  Pulse 
B r i t i s h  Thermal Unit 

0:  Charger-3attery-Regulator Module (Am) 
Crewman Communication h b i l i c a l  
Counterclockwise 
Control And D i s ~ i a y  

- Confined Detonating Fuse 
Ccntract  End Item 
Ccntractor W n i s h e d  Equipment 
Cubic Feet Per Minute 

.. . 

Condensing Heat Exchanger 
E Centerline 
CLT Cesgo Li fe  T ra i l e r  
CM Co~mand Module 
CAW Corn and 
CMG Control Moment Gyro 
CNST Canister 
CNTL Contrcl 
CO Carbon Dioxide 
C& Condensing Heat Exchanger 
Compt. Co~partment 
CONV Converter 
C/P cold P l a t e  
CRDU Ccmand Relay Driver Uxit 
CRT Cathode R a y  Tube 
C S  Comand ,SSstem 
C S  Com,and And Service hfodule 
C\Y Clockwise 
CW Caution And Waning 

1 -  - 7  ' , , * ,,, ;,\ 
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Dc 
DCS 
DECR 
m24 
D/P 
DTS 
Em 
ECS 
Elect,  
~ f l .  
EhER 
W! 
EOP 
EPS 
EREP 
ESE 
e t c  
EVA 
E & S V  
Exp . 
F AS 
FWD 
GCE 
GFE 

Hx 
Hz 
I/B 
I&C 
I C D  
ICOM 
I D  
I D D  
IEU 

I N  CR 

A C R O N W  AND ABBRITIATIONS (CONTINUED) 

Direct Current 
Digi tal  Command Systen 
Decrease 
Thermal Control Coatings 
Docking Port 
Data Transmission System 
Explosive Bridgewire 
Environmental Control System 
Elec t r i ca l  (or Electronic ) 
Elec t r i ca l  Module 
ihergency 
Electromagnetic Interference 
Emergency Oxygen Pack 
E lec t r i ca l  Power %stem 
Earth Resources Experiment Package 
Elec t r ic  a1  Support Equipent  
And So Forth 
Xxtravehicular Activity 
Emergency And Warning 
Exper inent  
F b e d  kirf ock Sbzs*~d 

Forward 
Gemini Cage Engineering 
Government Furnished Equipneat 
Gaseous Nitrogen 
Ground Support 2quipmen t 
Water 
High Level 
Heat Exchanger 
Hertz (Cycles Per Second) 
PCM Interface Bcx 
In~trurr~entat ion And Communication 
Interface Control Document 
Intercom 
Inside Diameter 
Interface Definit ion Docm.ert 
Interface Electronics Unit 
Interface 
Internat ional  Latex Cor~ora%icn  
Increase 

1NTE;R Interrupter  
IThlC Integrated Thermal Meteroid Garment 
IU Instrument Unit 
IVA Intervehicular Activity 
KBPS Kilobi ts  Per Second 
KHz Kilo Hertz ( ~ l l o c y c l e s  ) 
KSC Kennedy Space Center 



E.r=4CDORIPRJELL 
10 JULY 1970 ST. LOUIS, MISSOURI PAGE 

vn- 3 
DATE' 

31 A m T  1971 REPORT F673 'WL, .I 

C 

0 

0 

-- 

REVISED 

MODEL 
roo3 

REVISED 
1 

ACROW AID ABBREVIATIONS (CONTII~XD)  

U: Launch Coniplex 
LCC Launch Control  Center - 
LCG Liquid- Cooled Garment 
L/L LOW I,evel 
LM Lunar Module 
LSB Leas t  S i g n i f i c a n t  B i t  
LUT Launch Umbilical Tower 
LV Launch Vehicle 
M 509 Astronaut  Mneuvering Unit - -- 

MAN Mmual 
MAX ' Mximum 
MCE Mercury Cape Ehgineeriog 
m ,  Mult ip le  k c k i n g  Adspter 
MMC-E McDonnell h u g l a s  Ast ronaut ics  Company, East 
MDAC-W - YeBnne l l  l h u g l a s  Ast ronaut ics  Company, West 
MDE' Mild B t o n a t i n g  Fuse 
MF Master Rume 
MtIz Mega Hertz 
MIL- STD M i l i t a r y  Standard 
MIN Minimum 
m B5i~~t.e 
ML Mobile Launch 
mm Millimeter 
Mm3 Mill imeters  o f  Yercury 
MMH MonomethyLhydra zine 
INS HcDmnell Y a t e r i a l  S p e c i f i c a t i o n s  
MOLE Molecular 
MSCM Manned Spacecraf t  Center blsnual 
MSFC b r a h a l l  Space F l i g h t  Center 
MFN Manned Spsce F l i g h t  Network 
HOB Ebnned S p ~ c e c r a f t  Operations Bui ld ing 
MUX l4ult iplexer 
MV W l l i v o l t a  
NAR North American Rockwell 
NiCad Nickel Cadmium 
NH Naut ica l  ~ d l e ( s )  
NMT Not M r e  Tnan 
N2 Nitrogen 

Number NO. 
NPC NASA Publ ica t ion  Control  
NRZ Nonreturn t o  Zero 
NRZS Nonreturn t o  Zero Spfce 
02 m g e n  
QA O r b i t a l  Assembly 
OD Outside Diameter 
OV O r b i t a l  Vehicle 
OWS Orbital  Workshop 

M A C  2 3 1 ~ t t  ( R E V  1 4  JUL' € 2 )  
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ACRONYliLS AI?D ABBREZIATIOXS (COT?T~XD)  . 

PB Playback - 
PCG Powar Conditioning Group 
P6MI Pulse Code bbduletion 
PCU Pressure Control Unit 
pesk PC24 Programer 
PLV PostlnnOing Ventilat ion 
PRO2 P s r t i s l  Pressure Carbon Dioxide 
pp@ P a r t i a l  Pressure Oxygen -- - 
PRI Primsry 
PS Payload Shroud 
PS Process Spt-cification 
PSI Pounds Per Square Inch 
PSU Pounds Per Square Inch Absolute 
PSID Pounds Per Square Inch Dif fe ren t ia l  
P S I G  Pounds Per Square Inch C*uge 
PTS Point  8 

PTT Pushl~ress-To-hrlk ( O r  Push/~ess -TO-hansmi t )  
PWR Power 
&A Quality Assurance 
&Ap Quality Assuronce Procedure 
m Quick Look h t a  S-cation 
RCDR Recorder 
RCV (RCVR) ~ e c e i v e / ~ e c e i v e r  
REG Regulator ( O r  ~ e g u l a t e d )  
RF Radio Frequency 
RLY Relay 
R/T Real Tine 
RTIlA Range mne Transfer Aassnbly 
RZ Return To Zero 
SA OAT Suing Am Over A l l  Test  
SAS Sols r  Array System 
SCD Source (Specif icat ion)  Control Drawing 
SEC Secondary (Or Second) 
S3DR Service Engineering Department Report I 
SF Subframe 
SG super GUPPY 
SIM Simulr t o r  

Skylab SL 
Spacecrsft Lunar MduXe Adapter 
Service Module 
Shutoff 
Supplemental Oxygen System 
Statement of Work 
Single Point Fai lure  
Samples Per Second 
Slow Relesse 
Sbructure Transit ion S c t i o n  
Space Vehicle 
Saturn Workshop (PS/~~A/ATM/AM/OI!S/N/ 
A m  Deplopent  ~seembly )  



MCDONNELL 
10 JULY 1970 PAGE 

VI-5 . 
DATE - ST. LOUIS. MlSSOURl 

REVISED 
31 'AEUST 1971 * REPORT 

~ 6 7 3  VOL, I 

REVISED MODEL 
1003 

6' 
ACRONYMS AND ABBREVIATIONS (CONTINUED) 

Thruster At t i tude  Control System (OWS) -- 
To Be Determined 
T h e m 1  Control Syetem 

Time-To-Retrograde 
'I'spe Recorder 
Television 
Time-To-Go Equipment Reset 
Ul t ra  High Frequency ( ~ a d i o  Frequency subdivision) 
Umbilical 

- Voice 1 
Vehicle Assembly Building - 
Voltage Control Osc i l l a to r  
Volts Direct  Current 
Very-High Frequency 
Vehicle S ta t ion  
West Integrated Test  Stand 
Transmitter 
D i f f e r e n t i a l  Preosure 
Degrees Fahrenheit 

, 
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